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Abstract

Compost has been shown to have arange of positive impacts on soil quality and can provide an important source of nutrients
for plants. While these benefits have been documented for many finished composts, there is presently little understanding of the
impact of composting process conditions and the extent of compost decomposition on soil C and N mineralization after compost
incorporation. This study evaluated the impact of composting process conditions and the extent of compost decomposition on
soil C and N mineralization after compost incorporation. Dried, ground composts were blended with equal parts of quartz sand
and soil and incubated aerobically for 28 d at 30 °C. Cumulative respired CO,—C and net mineralized N were quantified. Results
indicatethat (1) organic substrates that did not degrade due to sub-optimal conditions during the composting process can readily
mineralize after incorporation in soil; (2) C and N cycling dynamics in soil after compost incorporation can be affected by
compost feedstock, processing conditions, and time; and (3) denitrification after compost incorporation in soil can limit N

availability from compost.

© 2003 Editions scientifiques et médicales Elsevier SAS. All rights reserved.

1. Introduction

Environmental, economic and socio-political pressures
on the swine industry are forcing many producers to re-
evaluate their manure management systems and consider
alternative technol ogies. Deep-bedded manure management
systems, and especially hoop structures [8], have seen tre-
mendous growth in the last 5 years in North America. Hoop
systems allow economically competitive swine production
with greatly reduced capital investment, and appear to also
provide reductions in odor emissions and water quality risks
[14]. Typical management of hoop systems produces a
manure/bedding mixturewhichisideally suited for compost-
ing, with incidental composting even occurring within the
hoop bedded pack and whenever the mixtureisstored in piles
of moderate size prior to spreading on the field [21].

* Corresponding author.
E-mail address: cambardella@nstl.gov (C.A. Cambardella).

While composting offers several advantages for subse-
guent manure management [20], the effect on nitrogen quan-
tities and availability is less certain. Composting results in
the loss of manure nitrogen through ammonia volatilization,
denitrification, and leaching [5,9,13], all of which hinder
efficient nutrient recycling.

In addition to affecting the quantity of nitrogen lost, the
composting process also affects the availability of nitrogen
and other nutrients when the compost is applied to the field.
While nitrogen dynamics during the composting process
have been investigated by a number of researchers
[2,10,22,26], relatively few studies have evaluated the con-
tinuing dynamics of nitrogen after the compost is incorpo-
rated in soil [7].

Mineralization of composted manure C and N in soil can
be described by first-order reaction kinetics. Nitrogen miner-
alization generally occursin two phases, arapid exponential
immobilization or mineralization phase, followed by a slow
linear mineralization phase [1,3,6,25]. Mineralization of
composted manure C is coupled with these processesin soil.
The C:N ratio of the composted manure determines whether
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immobilization or mineralization will dominate in the early
stages of decomposition.

Therate of inorganic N releaseto the soil from composted
manure depends on the rate of decomposition of the manure
organic matter and on subsequent turnover of the decom-
posed C and N in soil [6]. Manure inorganic N has tradition-
ally been used as an indicator of plant-available N in thefirst
growing season after application. Fresh manure has higher
inorganic N concentrations and, in one previous study, higher
net N mineralization rates than composted manure, and as a
result, N recovery by plantsin the first growing season was
found to be higher from fresh manure than from composted
manure[19]. Release of plant-available N frommanureinthe
soil is controlled by the balance of N immobilization and
mineralization, which in turn, is controlled, to alarge extent,
by the C/N ratio of the decomposing organic material.

There arerelatively few studiesin the literature that evalu-
ate the impact of composting process conditions and the
extent of compost decomposition on soil C and N mineraliza-
tion after compost incorporation. This study evaluated post-
incorporation effects, using composts from experiments that
examined the effects of moisture, C/N ratio, and two alterna-
tive strategies on N conservation during the composting pro-
cess. The alternative strategies examined were (1) incorpora-
tion of moderate-to-high cation exchange capacity soil in the
compost mixture and (2) use of alayer of stabilized compost
on the surface of the pile as a passive “biofilter” to trap
ammonia as it exits the pile [23]. These strategies are appli-
cable for simple on-farm windrow composting technology
and can be accomplished using readily available materials.

2. Materials and methods
2.1. Compost production

Each of the threetrials reported in this paper consisted of
four treatments of swine manure-straw mixtures from deep-
bedded swine hoop structures. Hoop structures can use a
variety of bedding materials and have been adapted to vari-
ous phases of swine production. The manure used in these
trialscamefrom structures designed for raising finishing pigs
for market and used corn stover (dry stalks, baled after grain
harvest) for bedding. The first trial examined the effect of
moisture by adding water to the mixture, the second trial
varied the C/N ratio by adding additional corn stover, and the
third trial evaluated two nitrogen-conserving strategies on N
conservation during the composting process. These strate-
giesincluded (1) blending in 20% topsoil (dry basis) to the
mix, and (2) covering the compost with a 0.15 m layer of
mature compost as a hiofilter cover. Bedded manure was
collected from hoop structuresimmediately after the animals
were marketed, when the bedded pack is normally removed
and windrow composting would begin on-farms. Since the
trials were done in series, the bedded manure used as an
initial feedstock came from different hoop structures at dif-

ferent times of the year. To assess the resulting variability in
feedstock among trials, one treatment in each trial was al-
ways a control of unadjusted feedstock. Details on the treat-
ments in each trial, along with bioreactor identification, and
chemical characterization of the compost throughout the
trials are indicated in Tables 1 (tria ), 2 (tria 1) and 3
(tria 111).

For each trial, three replicates of each treatment were
composted for 6 weeks in a set of twelve 90 | insulated
bioreactors. The bioreactorswere unloaded and mixed manu-
aly each week, at which time a 650 g composite of five
sub-samples was collected after mixing. Samples were re-
frigerated immediately after collection and homogenized
within 3 h in a commercial food processor. Compost water
content of homogenized sub-samples was determined gravi-
metrically after oven-drying at 75 °C. Additional sub-
samples of the homogenized compost were removed for
inorganic N ((NO, + NOy) + NH,) andlysis, laboratory
incubation studies, and total C and N analysis.

2.2. Laboratory methods

Bulk compost samples for inorganic N analysis were
extracted immediately or frozen until 3 h prior to extraction.
Five replicate sub-samples were removed from each respec-
tive bulk sample, extracted with 2 M KCI (1:80 compost:so-
lution ratio), and the filtrates were frozen prior to analysis.
Inorganic N ((NO, + NOZ) + NH,) in the filtrates was
quantified colorimetrically [12] using flow injection technol-
ogy (Lachat Instruments, Milwaukee, WI, USA). The opti-
mal compost to solution ratio was determined empirically in
preliminary experiments.

Compost sub-sampleswere acidified prior to the prepara-
tionfor total C and N analysisin order to arrest microbiol ogi-
cal activity and prevent N loss. We added 200 ml of 0.5 N
HCI to 100 g of homogenized compost and stirred the mix-
ture with a stainless steel spoon until all of the compost was
submerged. The acidified sampleswere dried in afume hood
for 4-5 d or until the samples were dry. The dried samples
were pushed through an 8-mm sieve to break up the dried
clumps of compost, and then ground in a Retsch centrifugal
mill (Brinkman Instruments, Westbury, NY, USA). Total
organic C (after removal of carbonateswith 1 N H,SO,) and
total N were measured in triplicate using dry combustion
methods in a Carlo-Erba NA1500 NCS elemental analyzer
(Haake Buchler Instruments, Paterson, NJ, USA). The
ground and dried compost water content was determined
gravimetrically after drying over-night at 105 °C and was
used to express all datarelative to the mass of dried compost.

Compost sub-samples for laboratory incubation studies
were processed exactly the same way asthose for total C and
N analysis except they were not acidified prior to drying.
Incubations were done in triplicate for each reactor, so that
there were a total of nine incubations for each treatment at
four extents of decomposition (0, 2, 4, and 6 weeks). For each
incubation a 0.6 g sample of the dried, ground compost was
placed in a small glass vial and mixed with 10 g of acid-
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Table 1

Bedded manure treatments during compost trialsin 90 | bioreactors: Trial | (Moisture—increased with added water)

Trial and treatments Week A: Control B: Medium C: High D: Very High

Moisture content (%) 0 50.7+3.35% 53.3+210*% 541+1.712 60.2+298°
2 63.2+1.80% 65.9+1.81% 64.9+ 3332 66.9+ 4542
4 65.9+1.25% 68.6+0.632 65.7+12.242 71.6+0.47%
6 50.8+216% 65.2+2.44% 64.7+10.712 68.7+0.98%

pH 0 8.09+0.062 8.06 + 0.052P 8.02+0.02° 8.07+0.05%
2 8.69+0.092 8.44+0.09° 8.42+0.15° 8.31+0.14°¢
4 8.54+0.09% 8.28+0.09° 8.15+0.19°¢ 8.19+0.12b°
6 8.32+0.11% 8.20+0.05% 8.05+0.23" 7.94+011°

CIN ratio 0 135+0.2% 135+01°2 14.3+0.3° 13.7+0.3%
2 11.9+022 12.3+0.93° 1244013 12.9+04°
4 10.4+09% 10.9+09°2 11.7+0.7% 12.2+20%
6 95+082 96+12% 9.3+092 94+052

Total carbon (%) 0 38.74+ 0412 38.74+0.182P 39.39+0.24b¢ 39.51+047°
2 36.61+0.402 35.98+1.992 35.09+1.642 39.58+0.27°
4 3558+1.322 36.52+0.592 37.04+1.272 37.16+1.472
6 34.89+3.312 3410+ 3532 33.12+0.712 31.15+1.232

Total nitrogen (%) 0 2.86+0.02% 2.88+0.022 2.76 £0.07° 2.88+0.06%
2 3.08+0.03% 2.93+0.082 2.84+011° 3.06+0.09%
4 345+0.21% 3.35+0.292 321+0212 3.08+0.42%
6 3.67+0.06% 3.57+0.143b 3.58+0.283° 3.32+0.07°

(NH,~N + NOz—N) (mg/kg) 0 1567 + 1292 1693+ 532 1716+ 292 2018 + 135"
2 3933+ 2522 4227+ 3522 4340+ 1502 4274+ 4742
4 3906 + 246 2 3845+ 1462 3408+ 10382 3086+ 6492
6 3301+180% 2842+ 1862 1945+ 340° 1988+ 277°

Means in the same row with different letters are significantly different (P < 0.05).

washed quartz sand and 10 g of 2-mm sieved air-dried soil
(Clarion loam [fine-loamy, mixed, mesic Typic Hapludoll]).
This ratio of compost to soil is equivalent to incorporating
about 80 dry Mg of compost per hectare to a depth of 0.1 m.
Baseline inorganic N was determined for the soil-compost—
sand mixtures (hereafter referred to as compost mixtures)
after extraction in 2 M KCl (1:5 soil:solution ratio). The
compost mixtures were slowly moistened with water to 60%
water-filled pore space (WFPS) and theincubation vialswere
placed in 4- glass canning jars with self-sealing lids. An-
other small glass via containing 3 ml of 2.5 N NaOH was
placedintheglassjar totrap respired CO,. The sampleswere
incubated aerobically in the dark at 30 °C for 28 d. The
NaOH base traps were changed at day 1, 3, 7, 14, 22 and
28 and mineralized C was quantified by back-titration using
HCI after addition of BaCl, to precipitate the CO;. The
carbon mineralization measured includes CO,—C evolved
from microbial decomposition and respiration but does not
include CH, mineralized by anaerobic processes. The
CO,—C evolved from the dissolution of carbonates in the
(soil + compost + sand) mixturewould aso beincludedinthe
carbon mineralization estimates, but this reaction is favored
only under acidic conditions. The pH of the (soil + compost +

sand) mixtures was close to neutral at the start of theincuba-
tion (data not shown).

After 28 d, the entire 20.6 g sample was extracted with
2 M KCI (1:5 soil:solution ratio) and inorganic N in the
filtrates was quantified using flow injection technology.

2.3. Satistical analysis

The experimental design for each reactor trial was a
randomized complete block with four treatments and three
replicates. We used ANOVA to determine treatment signifi-
cancefor each trial and Fisher's L SD mean separation to test
for differences among the means. Data analysis was per-
formed using SAS procedures [24] and curve fitting was
performed with Microsoft Excel 97 (Redmond, VA).

3. Results
3.1. Bioreactor trial |

There was no significant difference in the amount of
cumulative C mineralized after 28 d from the freshest or the
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Table 2
Bedded manure treatments during compost trialsin 90 | bioreactors: Trial Il (C/N Ratio—increased with corn stover)
Trial and treatments Week A: Control B: Medium C: High D: Very High
Moisture content (%) 0 61.6+7.13% 60.5+3.173P 66.0 £ 2.24 3P 71.3+1.94°
2 87.0+586% 94.1+1.65% 92.0+210% 92.6+0.67%
4 65.3+0.78% 74.0+1.37° 743+2.32° 74.0+2.29°
6 64.2+226% 72.0+3.49% 66.5+7.932 73.0£0.72%
pH 0 8.49+0.02% 8.29+0.19° 8.21+0.09° 8.05+0.14°¢
2 8.77+0.11% 8.15+0.05" 8.28+0.11°¢ 8.33+0.07°¢
4 8.57+0.14% 8.22+0.06" 8.19+0.11° 8.40+0.16°
6 8.26+0.162 845+0.12° 849+ 0.29° 8.69 + 0.06 ©
CIN ratio 0 153+0.2% 226+542 38.0+6.4° 36.4+7.1°
2 11.9+052 222+15° 278+1.1° 357+29¢
4 105+06% 14.0+1.22 224+31° 320+42°
6 101+ 062 13.1+042 19.4+23° 288+4.2°
Total carbon (%) 0 37.22+2422 40.79+2.632 4554+ 0.47° 4446+ 1.34°
2 29.91+1.862 40.20 £ 0.43° 41.80+352° 43.97+0.74°
4 2824+1512 35.24+221° 4151+251° 41.11+322°¢
6 26.07+0.532 32.67+1.98° 38.97+1.87° 43.40+1.899
Total nitrogen (%) 0 243+0.18% 1.85+0.29° 1.19+0.15°¢ 1.25+0.23°¢
2 2.50+0.38% 1.82+0.13° 151+ 0.16 ¢ 1.23+0.09°¢
4 2.70+0.03% 2.52+0.06" 1.87+0.15°¢ 1.29+0.07¢
6 259+0.16% 249+0.11% 2.01+0.03° 152+017°¢
(NH,~N + NOz—N) (mg/kg) 0 4537+ 9422 3613+ 849° 1571+ 136" 622+ 73"
2 2375+ 686 2 365.33+112° 353+39° 263+ 77°
4 372+2072 323.67+123° 340+ 35° 350+81°
6 149 + 45 2P 190.33+ 312 85+31° 107+ 30°

Means in the same row with different letters are significantly different (P < 0.05).

oldest compost mixturesfor thelow (control), medium, high,
and very high moisturelevels (A, B, C, and D, respectively).
After 2-4 weeks of composting, the driest compost mixtures
(A) mineralized more C compared to the other moisture
levels, except for the wettest compost mixtures (D) after
4 weeks of composting (Fig. 1a).

All of the compost mixtures immobilized between 4%
and 6% of the total N during the first half of the incubation.
After 4 weeks, about 2% of thetotal N had mineraized inthe
low moisture compost mixture (A), but N was still being
immobilized in the very high moisture treatment (D). Net N
immobilization dominated in all the compost mixtures after
6 weeks of composting (Fig. 1b).

3.2. Bioreactor trial |l

The lowest C/N ratio compost mixture (A) mineralized
significantly less C than the other three treatments regardless
of the composting time, and the medium C/N ratio mixture
(B) mineralized significantly less C than the two higher C/N
ratio treatments (C and D), except when the compost mixture
was very young (Fig. 2a).

Note that athough the initial C/N ratios reported in
Table 2 for the C and D reactors are the reverse of thelabeled
descriptors, this was due to a high total N analysis for the
origina composite sample from one of the D reactors, prob-
ably due to the sampling error in this heterogeneous feed-
stock. Thisrelatively high N sampleresultedin alower initial
CIN ratio in the corresponding soil incubation as well. Sub-
sequent weekly and final analysis of these reactors confirmed
that the D bioreactors had the highest C/N ratios (Table 2).

All of the compost mixtures immobilized between 2%
and 5% of the total N during the first half of the incubation
except for the very young 15:1 C/N ratio compost (A). After
4 weeks, about 1-2% of the total N had mineralized in the
two highest C/N ratio compost mixtures (C and D), but net N
immobilization still dominated in the two lowest C/N ratio
mixtures (A and B). Net N immobilization dominated in all
the compost mixtures after 6 weeks of composting, except in
the lowest C/N ratio treatment (A) (Fig. 2b).

3.3. Bioreactor trial Il

The control (A) C mineralization patterns closely tracked
those of the bicfilter treatment (C) for the duration of the



C.A. Cambardella et al. / European Journal of Soil Biology 39 (2003) 117-127 121

Table 3
Bedded manure treatments during compost trialsin 90 | bioreactors: Tria Il (+N—Conserving Treatments)
Tria and treatments Week A: Control B: Soil C: Biofilter D: Stover
Moisture content (%) 0 689+331% 635+ 1.24° 66.8 + 0.61 2P 64.6+1.48°
2 72.2+1.382b 68.8+0.91% 70.2 +3.832b 74.0+3.07°
4 73.7+0.42% 69.6+0.84" 71.7+1.1323b 732+256%
6 73.2+050% 69.0+1.10° 72.0£0.872 73.0+245%
pH 0 8.96+0.07% 8.68+0.05° 8.89+0.03¢ 8.72+0.04°
2 8.68+0.05% 8.64+0.072 8.69+0.042 7.86+0.15"
4 7.56+0.11% 7.57+0.17% 7.75+0.06° 7.56+0.022
6 7.73+0.132b 7.63+0.26% 7.69+ 0.04 2P 7.82+0.16°
CIN ratio 0 13.6+052 13.9+0.32 14.7+0.3% 25.8+29°
2 12.67+0.92 12.7+0.82 12.7+042 16.7+1.1°
4 135+042 125+072 13.9+1.52b 16.6+0.0°
6 12.8+0.63° 124+042 13.4+04° 14.9+0.2°
Total carbon (%) 0 39.28+4.412 34.65+0.14° 37.83+0.482P 40.67+0.952
2 37.63+2.342 30.02+0.91° 36.39+0.812 4152+151°¢
4 33.39+0.662 26.19+1.65° 32.65+1.792 41.99+234°¢
6 32.92+1.382 26.21+1.04° 34.38+1.262 39.80+047°
Total nitrogen (%) 0 2.88+0.23% 2.48+0.03° 2.57+0.09° 1.59+0.15°¢
2 2.98+0.33% 2.38+0.14° 2.86+0.072 2.48+0.10°
4 2.48+0.13% 2.09+0.05" 2.35+0.152 256+0.172
6 2.57+0.02% 2.12+0.09° 257+0.142 2.66+0.02%
(NH,~N + NOz—N) (mg/kg) 0 4408 + 4232 3844 + 153" 4243+ 352P 4201+ 852P
2 4602 + 6792 3609.33+ 166° 4066.33 + 235 2P 723+101°
4 3508 + 2306 2 1328.67 + 7392 1607.67 + 8872 2212+11802
6 699 + 1902 633.67+225% 409.33+ 602 511+ 3382

Means in the same row with different letters are significantly different (P < 0.05).

composting process. The compost mixed with corn stalks
generally mineralized the most C throughout the incubation
and the soil treatment (B) generally mineralized the least C
throughout theincubation. The biofilter treatment (C) and the
compost mixed with corn stover treatment (D) mineralized
significantly more C than the other two treatments when the
compost mixtures were very young or stabilized. The
2—week old corn stover/compost mixture mineralized signifi-
cantly more C than the other three treatments and the biofilter
treatment mineralized relatively low amounts of C regardless
of the age of the compost mixture. (Fig. 3a).

All of the compost mixtures immobilized between 1%
and 3% of the total N for 2 and 4 weeks composting except
for the very young corn stover/compost mixture (D). After
6 weeks, about 2-3% of the total N was mineralized in al of
the compost mixtures. Bioreactor tria 111 was the only trial
where net N mineralization dominated in all the compost
mixtures after 6 weeks of composting (Fig. 3b).

Carbon and N mineralization patterns varied among the
three-bioreactor trials throughout the 28 d of aerobic incuba-
tion, although there were severa similarities noted for the
threetrials. Differences between trials may have been related
todifferencesintheinitial substrate, as previously described.

In general, the maximum amounts of mineralized C were
produced from the freshest manure mixtures (0 weeks of
composting) and potentially mineralizable C values stabi-
lized at about 30-50% of the maximum value after
2-4 weeks of composting. Similarly, the percentage of total
C mineralized was greatest (20-25%) for the fresh manure
mixtures and dropped to 10-15% after 2—4 weeks of com-
posting (Figs. 1a, 2a and 3a).

Carbon mineralization patterns followed first-order rate
kinetics. The relationship between cumulative mineralized C
and incubation time for the compost mixtures was curve—
linear and exhibited two phases, a rapid rate phase from
about 1 to 15 d and a slower rate phase from 15 to 28 d
(Fig. 4).

Nitrogen mineralization data for bioreactor Trials| and I1
were similar, with net N immobilization exceeding net N
mineralization until the manure mixtures had composted for
4 weeks. Nitrogen mineralization exceeded or equaled N
immobilization after about 4 weeks of composting, but after
6 weeks of composting, N immobilization again exceeded N
mineralization (Figs. 1b and 2b). A different pattern emerged
during Bioreactor trial 111, where N immobilization exceeded
N mineralization until the sixth week of composting after
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Fig. 1. Normalized cumulative C (a) and N (b) mineralization after 28 d incubation for Bioreactor trial |.

which net N mineralization exceeded net N immobilization
(Fig. 3b). Thereturn to negative net N mineralization during
week six of trials | and Il did not correlate with increasing
NH_—N levels nor NOs—N levelsin the original composts, as
both of these were decreasing between weeks four and six
(Fig. 5), with the exception of a small increase in NO;—N
level in trial I, which was still less than 0.5% of total N.
Similarly, we found no relationship between net N mineral-
ization and C/N ratio (Fig. 6) or cumulative C mineralization
(Fig. 7) of the (soil + compost + sand) mixturesin any of the
three bioreactor trials.

4, Discussion
4.1. Carbon mineralization

Carbon mineralization rates for the 4-week old compost
mixtures taken from the lowest and highest moisture biore-

actors (A and D) were greater than the other moisture treat-
mentsin bioreactor trial 1. Thisobservation is consistent with
previous studies indicating that compost decomposition can
belimited by low or high moisturein the bioreactors[11,15],
resulting in aless stable compost product rel ative to the other
treatments. Mineralization rates for the most stabilized com-
post mixtures taken after 6 weeks in the bioreactorsin trial |
were similar for all the moisture treatments, suggesting that
increased composting times can compensate for the effects of
moisture limitations on the quality of the compost product.

We hypothesized that cumulative C mineralization would
be positively related to the C/N ratio of the compost feed-
stock, with the highest C/N ratio materia leading to the
highest amount of C mineralized. Predicted effects of C/N
ratio on cumulative C mineralization were evident in the
lowest C/N ratio treatment (A) for the young, 2—week, and
4-week old compostsin bioreactor trial 1.
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Blending soil into the compost resulted in the lowest gains to the mineral N pool through degradation of organic
amounts of mineralized C (except for the 2 week old com- N, and losses from the mineral N pool through assimilation
post) in bioreactor tria 111. In particular, the addition of soil into microbia biomass (immobilization), NH volatilization,
to the compost apparently resulted in a more stable compost or denitrification to N,O and N.,.
product compared with the unmodified hoop manure control. The decomposition of agricultural crop residues with a
Cumulative C mineralization patterns in the biofilter cover C/N ratio of 25:1 will usualy result in no net N mineraliza-
treatment (C) were similar to those for the unmodified hoop tion or immobilization. The net effect of the sum of the
manure treatment, which suggests the biofilter cover did not processes is zero, even though both processes can be occur-
affect the quality of the compost product. This observationis ring at significant rates [18]. Net N immobilization is com-
significant, since the only purpose of the filter is to prevent monly expected when high C/N ratio substrates (>25:1) are
gaseous N |oss during the composting process. added to soil. Inorganic N is removed from the soil solution

to meet the N requirements of soil microorganisms as they
4.2. Nitrogen mineralization utilize the available substrate carbon [18]. In this study, the
CIN ratios of the (soil + compost + sand) mixtures during the

Net cumulative mineralized N was obtained by subtract- 28—d laboratory incubations were relatively low, ranging

ing baseline inorganic N from the final inorganic N values. from 10:1 to 18:1, and never exceeding 25:1. The compost

Net cumulative mineralized N isthus the difference between treatments that were amended with corn stover to relatively
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Fig. 3. Normalized cumulative C (a) and N (b) mineralization after 28 d incubation for Bioreactor trial I11.

high C/N ratios (C and D reactorsintrial 11, and D reactorsin
tria 111), immobilized more N than the other treatments, but

10 this effect was not consistent, occurring only at week zeroin
1201 | o peactord trial 111 and at weeks zeroand six intrial 11. Overall, therewas
—— Reactor C no significant relationship between net N mineralization and
& 100 9 Roactor® the C/N ratio of the (soil + compost + sand) mixtures for any
% o treatment combination in the three trials (Fig. 6).
§ Therarity of positive net N mineralization was a particu-
T 601 larly important result in thesetrials. If we assume that immo-
g 0l bilization of soil mineral N into microbial biomass was the
© primary explanation for the observed negative net N miner-
20 alization rates, we might expect a relationship between mi-
crobial biomass activity, represented by C mineralization,

0 , . , : : and net N mineralization. In fact, there is no relationship
° ° s " ® ® % between C and N mineralization in these experiments
(Fig. 7). Apparent net N immobilization occurred across the
Fig. 4. Cumulative mineralized CO2—C for Bioreactor trial I11. full range of C mineralization rates, and net N immobiliza-

Incubation Time (days)
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tion was greatest after 6 weeks of composting, when C or carbon mineralization, as illustrated in Figs. 6 and 7,
mineralization rates were relatively low. respectively. The lack of correlation with these often cited

No significant correlations were found between net N indicators of N limitation (the C/N ratio) or C availability (C
mineralization and (soil + compost + sand) mixture C/N ratio mineralization) [1,3,6] suggests the observed predominance
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soil and incubated for 28 d. Results are plotted on alogarithmic scale, and fit to afirst-order decay function as indicated.

of negative net N mineralization has a more complex expla-
nation.

Ammoniavolatilization could be amajor sink for mineral
N, particularly for fresh manure or compost at 2 weeks, when
NH," levelsin the fresh compost were relatively high. How-
ever, thisisunlikely to fully explain the persistence of nega-
tive net N mineralization in samples composted for 4 and
especially 6 weeks, when NH, " level swere decreasing to 7%
of total N intria |, and lessthan 1% of total N in Trials |l and
Il (Fig. 5).

Another possible explanation is that nitrate-N was being
lost through denitrification faster than it was being produced
through nitrification in the laboratory incubations. Simulta-
neous nitrification—denitrification has previously been shown
to occur in microsites within soil systems[4,17], and similar
aerobic/anoxic/anaerobic microsites have recently been im-
plicated in composting systems aswell [9].

We empirically tested this hypothesis by incubating two
different (soil + compost + sand) mixturesin the laboratory.
We estimated potential denitrification rates every week for
4 weeks using an acetylene block technique [16]. Gas
samples were analyzed for N,O with an electron-capture-
detector gas chromatograph. One treatment contained soil
plus fresh hoop manure and the second treatment contained
soil plus hoop manure that had been composted in windrows
for 16 weeks. The dataindicated that denitrification could be
an important mechanism for N loss in this system (Fig. 8).
Integrating the first-order decay function for the 28—d incu-
bation predicts cumulative denitrification of 280 and 55 ug
N/g soil + compost + sand for fresh manure and composted
manure, respectively. This is equivalent to 10% (fresh ma-
nure) and 2% (mature compost) of the total average N in our
(soil + compost + sand) incubation mixtures, and thus could
drive net N mineralization from positive values to the nega-
tive values we observed.

A return to net negative N mineralization in week six
samples for trials one and two after being positive in week
four, may aso have important ramifications for compost

utilization. While greater compost maturity, with corre-
sponding reductionsin C/N ratio and C availability, is gener-
ally thought to reduce the possihility of net negative N min-
eralization [1,3,6], this study suggests that the dynamics of
substrate availability and microbial activity can counteract
this trend, at least temporarily. Existing indicators of com-
post maturity may not be adequate to predict the optimum
timing of compost application, particularly where nutrient
availability isaprimary concern.

5. Conclusions

The impact of composting process conditions and the
extent of compost decomposition on soil C and N mineral-
ization after compost incorporation is poorly understood.
This study evaluated post-incorporation effects, using com-
posts from experiments that examined the effects of mois-
ture, C/N ratio, and two alternative strategies on N conserva-
tion during the composting process. We have summarized
below the magjor conclusions that can be drawn from this
work.

1. Organic substrates that did not degrade because of
sub-optimal conditions during the composting process
may readily mineralize after compost incorporation in
s0il, where moisture or C/N ratio constraints are re-
duced. Therefore, cumulative carbon mineralization in
compost-amended soils can be increased relative to
similar-aged composts following sub-optimal compost
conditions.

2. Compost produced after several weeks of intensive
composting under near-optimum conditions may not
result in net N mineralization after soil incorporation.
The dynamics of mineralization, nitrification, denitrifi-
cation, ammonia volatilization and N cycling through
the microbial biomass are complex in soil systems, and
can be affected by compost feedstock, processing con-
ditions, and time.
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3. Denitrification may severely limit N availability from
compost when the compost is applied to agricultural
soils.

The composts used in this study were significantly atered
through drying and grinding relative to moist heterogeneous
composts typically used in agronomic settings. These alter-
ations were necessary to allow homogeneous application in
small quantities for laboratory incubations, providing better
relative understanding of the differences related to compost
feedstock and processing, but doubtless also affecting the
magnitude of the results. Further studieswith unaltered com-
postsin larger scale systems are needed to better understand
the nature and implications of C and N dynamicsin compost
amended soil.
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